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Introduction to the Problem
The healthcare industry today is becoming more and more profit focused and driven. As a
result hospitals are being run on business models where profit generation is stressed just as much
as the quality of patient care. Because of this mindset, staffs are being pushed to do more with
fewer resources, and measurable values like Key Performance Indicators (KPIs) are being
implemented to quantify hospital performance. A major KPI for most hospitals is patient
satisfaction. The patient satisfaction scores of a department are directly tied to the amount of
additional funding granted to the department by the administration. In order to be granted a
larger budget, hospitals want to find ways to increase their patient satisfaction KPI. The problem
then is how to provide a system that will increase patient satisfaction without placing outrageous
burdens on staff members, such as paperwork, time commitment, etc.
Client Description
The emergency department (ED) of Akron General came to the biomedical engineering
department with an idea from Dr. Michael Beeson to solve this problem. Dr. Beeson’s idea was
for a tap light system located outside of an ED room that illuminates after a preset amount of
time to indicate to staff members the patient has not been visited for the preset amount of time.
Any staff member (nurses, techs, surgeons, etc.) passing by would then be expected to visit that
patient. Visits are meant to be quick, friendly and efficient, showing the patient they have not
been forgotten about but not adding additional work to the ED staff. We would expect a typical
visit to consist of the staff member saying hello, inquiring if the patient is comfortable and if they
need anything, and then exiting the room. Upon exiting the tap light is then reset by pushing on
the light and restarting the timer. By continually visiting patients in the ED, Dr. Beeson hopes
they will feel more cared for and less forgotten about, which will in turn increase their patient
satisfaction scores. Ultimately, by implementing this system, we hope to achieve two things: 1 –
providing a more comfortable experience for Akron General’s patients, and 2 – the ED patient
satisfaction scores will increase, resulting in an increased annual budget.
Project Objective
Our goal is to take the tap light system described by Dr. Beeson and merge it with our
knowledge as engineers in order to develop a design which best solves the problem, meets the
requirements set by Akron General, and is feasible to build before graduation. After developing
and verifying a complete design, we agreed to provide Akron General with 35 functional units by
the end of spring semester, 2016. These units will be immediately implemented in the ED at
Akron General for a proof-of-concept study. Dr. Beeson agreed to list all students on the design
team as co-authors on the clinical research paper generated from the study. One additional unit
will also be made and left with the Biomedical Engineering department here at the University of
Akron, for a total of 36 units. Any changes to the initial design based on the results of the proof
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of concept study are outside of the scope of our project because we will have graduated before
results come back. Through working with Dr. Beeson and Frank Fire at Akron General, we have
come up with the product name EMlighten, and are using the logo on the cover page of this
report.
Design Process
The three main steps to the design process are brainstorming, testing and manufacturing.
Our design team was in an interesting situation where we had a client waiting for us to finish and
provide a product. We made the decision early on to make a change to the design process and
brainstorm, build a prototype then test. Our design process ended up being an iterative trial and
error based process. In essence, we allowed the customer, not the design process to drive our
timeline instead of following the accepted design method of modeling first and manufacturing
second. This caused a major halt in progress because a problem with the battery was identified
during the week of delivering the 35 units to Akron General. This will be covered in detail
throughout the report as our process for brainstorming, manufacturing, and testing will be
outlined in the following sections.
Brainstorming
The suggested tap light design provided initial bias to our design and brainstorming
process. It was unacceptable to take solution presented by Dr. Beeson focused on a mechanical
interface and white light, and move forward without evaluating it against other potential
solutions. In order to evaluate other solutions, the system was broken down into a functional
diagram to show the components of the system. The components comprising the EMlighten
system are:







alerting mechanism
electrical components
data acquisition and storage
external housing
method to reset alerting mechanism
battery

Assuming we directly followed the solution proposed by Dr. Beeson, each component would
be described as follows: the alerting mechanism is the light, the electrical components are the
circuitry which control the light, external housing holds the circuitry and mounts to the wall, the
method to reset the alert mechanism is a physical “tap”, and the battery powers the system. Both
this described system and the final prototype do not have a data acquisition and storage
component. Data acquisition and storage refers to logging the system activity and transferring it
over WiFi to some device where it can be accessed in spreadsheet form for analysis of patterns in
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EMlighten activity. WiFi transfer was planned to be an additional feature we added to add to the
units after they had been proven successful in hospital trials. This feature is no longer being
added by our design group because of battery complications which will be described hereafter.
Instead we are recommending data acquisition and storage to be something Akron General
considers adding after a successful proof-of-concept study.
After identifying the six components of the functional diagram we brainstormed different
ways each component could be implemented. For instance, the alerting mechanism could be a
light, a sound, a phone or email notification, etc. Appendix A contains the tables we used to
evaluate all of these solutions and select the best one for each component of the functional
diagram. The options for each component received a score for every customer requirement, (see
customer requirements in Appendix D). For example, the alerting mechanism needs to be
effective over long distances like down the hallway. An auditory alert would be least effective
over long distances, a digital alert would be most effective, and a light would be somewhere in
the middle. A score of 5 means the option best meets the requirement criteria, and 1 means it
does not meet the criteria. In the example given, over long distances auditory received a score of
2, digital received a score of 5, and a light received a score of 4. Scores for every listed
requirement were then totaled and the option with the highest score was selected for our final
design. The final alerting mechanism is a visual display utilizing a red LED matrix which does
not flash and has a steady intensity. We proposed to Akron General that the method to reset the
alerting mechanism be a radio frequency identification device (RFID), so staff could use a card
or key chain to reset the timer. Akron General wanted to start with a motion sensor to reset the
timer and then switch to RFID after proof of concept. We agreed and bought parts for both the
motion sensor and RFID and wrote software code for both methods. The selected method of
running the internal circuitry is an Arduino Mega board (SunFounder Mega 2650). The battery
chosen at this stage was a standard 9V. Lastly the external housing is a pre-made plastic
electrical box which we cut holes in to fit our application.
Design is an iterative process, so the brainstorming step was revisited as the process
progressed and we learned more about the product and what was possible. Additional
brainstorming is covered in subsequent sections of this report.
Coding
The first thing we tackled was to write a functioning software code. The team divided
into two groups focused on either the Arduino coding or the external housing and machining.
The software developers finished the code well ahead of schedule and it was working with a
motion sensor at the beginning of October 2015. The RFID code soon followed and was
completed at the beginning of November 2015. Tutorials of other successful Arduino code and
many other resources were used to accelerate code development1.
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Our initial goal was to write a third code to incorporate data acquisition and storage.
Development of this code has begun but has not been completed. Storage of EMlighten data and
transfer to a website is beyond our capability at this point, and we do not have time before
graduation to learn everything required to successfully push the data to an online spreadsheet or
remote computer for Akron General to access. The software code we have developed for the data
acquisition will be compiled and given to Akron General at the end of the semester. They will
likely continue the project if proof-of-concept is successful.
Assembly Methods
After finalizing a design of the initial prototype, assembly began immediately in order to
receive design approval from Akron General as soon as possible. After receiving approval on
one prototype we were cleared to purchase parts for, and then assemble the remaining 35 units.
The biggest challenge during assembly was the mass production element of EMlighten and
developing an efficient process. We took an assembly line approach to constructing the units so
tasks could be done in parallel. There were three main steps to assembly: machining the boxes,
connecting the circuitry, and mounting everything within each box.
Before any machining was started, group members were responsible for building seven
circuits. We divided the work in this fashion so one person would not be responsible for
connecting each unit, and so every group member would learn the circuit building process. After
connection, all units were gathered by the group member who was not working on machining
and they tested each unit for functionality. This product quality assurance testing was done in
parallel with the machining and allowed us to identify and replace faulty parts before
components were mounted into the boxes. Five RFID chips and three motion sensors were
replaced as a result of this quality check. During the quality check, the motion sensor code (set to
a 20 minute timer) was uploaded to each Arduino board.
Machining the boxes refers to cutting three holes in a plastic electrical box. Holes were
for: a motion sensor, a light and the on/off switch. All of these holes were cut using the computer
numerical control (CNC) machine in the engineering machine shop at the University of Akron
with assistance from Mr. Dale Ertley (Senior Engineering Technician). In order to work with Mr.
Ertley on the CNC machine and safely be in the lab, group members needed to complete online
training modules. The minimum requirement to work in the lab was 14 modules. To use the CNC
machine there were an extra 5 modules specific to the CNC interface. Of the five group
members, four completed at least the 14 modules needed to work in the lab. These training
modules were the first major delay in our production because we could not work on any of the
boxes until the approximately 20 hours of training were completed per group member. After
CNC machining, the switch and sensor hole needed to be filed down either manually or with a
rotary tool to fit the switch and sensor properly. Both methods were utilized and four out of five
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group members participated. All boxes were completely machined by the second week in
February 2016. We initially planned to have all boxes machined by the beginning of January (see
Gantt Chart in Appendix E) but winter break, the training modules and other projects using the
CNC machine delayed our schedule.
After machining, external housing and internal circuitry were completed and only
assembly and connection of the power source were left to do on each unit. During the quality
testing and code uploading, the board was powered by the attached computer supplying the code.
Subsequently at this stage we switched from computer power to battery power. This was done by
wiring a 9V battery to the board and interrupting the circuit with an on/off switch. The switch
allows the hospital to turn each unit off from the outside when it is not in use to conserve power.
These battery connections required two removable connectors (on one side they make a
connection between the metal male end of the switch, and on the other side they clamp down on
a wire making a lasting connection) and one soldering connection. Four group members
completed at least one of these connections in order to learn the process. Before components
could be mounted, the lighting dome, motion sensor and switch were inserted into their
respective holes. The lighting dome and motion sensor were glued using a bathroom sealant and
adhesive. The lighting domes were glued, held in place with clamps for 12 hours before moving.
The motion sensors were glued on top of o-rings to make a liquid proof seal, and to lower the
motion sensor below the edge of the box. If the motion sensor were to protrude from the plane of
the box, the likelihood of it being accidentally activated dramatically increases. A liquid proof
seal makes the unit more durable and able to be cleaned by the ED with a spray cleaner. In terms
of mounting the components we chose to use nylon adhesive backed mounts. Each electrical
component came from the manufacturer with at least four holes for mounting. The nylon mounts
locked into these holes and on the reverse side adhered directly to the box. With adhesive backed
mounts we avoided drilling into the box, and avoided using a mounting board which would
reduce available vertical space. The group finalized the layout to maximize available space and
to leave the Arduino board accessible for uploading new software. Lastly, all components were
mounted to the boxes. Each group member mounted the parts for at least one unit. Zipties
(Electriduct, Fort Lauderdale FL) were used to restrict wire movement and keep them out of the
light path. Without zipties, the wires were visible through the dome and ruined the aesthetic
cleanness of the design. Appendix B has solid works drawings of the box with holes and images
of completed units with all of the parts mounted in place for reference.
Performance Testing/Battery
As mentioned previously, we made the decision to save the majority of testing until after
assembly was completed. Some tests had to be run before assembly, for instance testing the code
and verifying each unit was functional. The tests we planned to run after completion were power
calculations on the battery, a drop test, usability test and a test with the cleaning solution the
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hospital will use on the units. This plan was interrupted because the week we delivered all of the
units to Akron General, we discovered the 9V batteries we selected, did not last 12 hours and the
hospital was expecting them to last for weeks. The initial customer requirement for battery life
was a month, and we believed the 9V battery would meet this requirement with no trouble, but
we did not test the system to prove so. The belief that a 9V battery would be sufficient existed
due to a lack of understanding in the group caused by inexperience with the consumption of
electrical systems and battery capacities. Because we chose to alter the design process and not
run tests and power calculations prior to assembling units, we did not catch this fundamental
error and ended up wasting time and resources. If we would have not altered the design process,
this mistake would have been caught before assembling any units.
Discovering the batteries would not live up to customer expectations halted our progress
because we have to backtrack and replace the 9V battery. For the past three weeks all of our
focus has been on finding a battery with ample capacity to meet the new required duration. After
we informed Akron General of the mistake, they told us the absolute minimum battery life is one
week; therefore a week became our new customer requirement (Appendix D). Our first step was
then to assess how much power the system was consuming. We did this with a voltmeter and
found that the LED pulls a huge amount of current when it is lit. We first looked for ways to
reduce the power consumption like not utilizing the whole LED matrix, and reducing the LED
intensity. Leaving some of the matrix unlit saves immensely on power consumption, while not
adversely affecting LED visibility. However reducing the intensity did cause a visible difference
and the light was difficult to see from a distance in a well lit room. We were able to reduce the
current draw from 320mA to 155mA when the LED is lit up; which is over a 50% reduction in
current draw on the component consuming the most power.
After the initial consumption reduction, we completed power calculations (see Appendix
C) and based on those, we are aiming to have a battery capacity of 20,000mAh. We can give a
minimum and maximum timeframe for battery life, but in reality the battery will last somewhere
in between the two. The actual battery life will depend on how long it takes staff members to
respond to the light coming on. Without being able to perform a usability test at Akron General
before implementing batteries, we are conservatively estimating it will take staff members an
average of 30 minutes to respond to and to turn the light off each time it comes on. From the
power calculations in Appendix C you can see 30 minutes of the light left on corresponds to 7.4
days of life for a 20,000mAh battery, 5.5 days of life for a 15,000mAh battery and 3.7 days for a
10,000mAh battery. Akron General can replace the batteries at most every week, so we have to
use a 20,000mAh battery to meet their requirement. The 20,000mAh battery is still a slight
overestimate because the power calculations assume each ED room is operating at full capacity
24/7. We know the EMlighten units will not be on 24/7, but we and the client would rather
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overestimate then adjust a maintenance schedule based on a usability study, rather than have the
batteries die too quickly.
When researching to find a 20,000mAh battery to fit this application, we were balancing
cost with size and quality. Generally speaking cheaper batteries are larger and of more
questionable quality, whereas more expensive batteries can be smaller and of a higher quality.
We want to provide the best product for Akron General within a reasonable budget. Therefore
for our first attempt at reaching a 20,000mAh capacity, we chose to buy two smaller 10,000mAh
batteries and connect them together to reach 20,000mAh. The batteries fit within the boxes we
already have constructed, and we were able to successfully connect them. However all of the
batteries we were considering have a voltage output of 5V, so connecting two in series bumped
up the voltage of the system to 10V. The higher voltage of the circuit increased the current draw
significantly, and we no longer met the customer requirement. The increased consumption of the
system meant the two batteries connected in series will only last for 5.1 days assuming the light
is left on for 30 minutes each cycle; compared to the life of 7.4 days with only one 20,000mAh
battery running the system at 5V. In addition to the battery life, we also learned the two
10,000mAh batteries were manufactured in China. After speaking with our instructors, we
learned lithium ion batteries manufactured in China and sold at a lower price and quality are
prone to catching on fire. The hoverboard (Hoverboard Technologies, Mountain View CA)
batteries which have been making headlines for catching on fire did so because they were poor
quality lithium ion batteries.
The requirements we were then left with were using one 20,000mAh battery, a relatively
small battery size because of the space available in each box, and ideally a battery made in the
United States of America. Back to researching, the only batteries meeting these three
requirements are significantly more expensive than we were expecting to pay. We identified an
ideal battery from Anker with a capacity of 20,100mAh. This battery is currently on sale on
Amazon for approximately $40. Anker’s website (https://anker.com) also mentions their
willingness to reduce price for bulk orders and for educational applications. We reached out to
Anker in an attempt to negotiate a better price for the batteries as we are students ordering 35.
Anker responded and was unable to offer us any break in price. So we presented the cost
breakdown to Akron General with the $40 batteries and it was approved. Batteries and parts to
mount them in the boxes as well as charging cords were purchased online from Amazon on April
19th, 2016. The parts arrived April 22nd, 2016 and we started fixing the units the next day
Future Work
Now that we have the parts, we must complete and deliver the units to Akron General
before graduation on May 15th, 2016. Ideally we will have the 35 units finished before finals
week (May 9th – 13th) in order for group members to focus on final exams and papers. Each unit
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needs to be gutted and components rearranged and reattached to make room for the battery. This
20,100mAh battery is much larger than the original 9V we planned for, so all of the components
have to be rearranged to make space for the Anker battery. This gutting and re-layout of each
unit is what we are doing now. The adhesive backed mounts are not easy to remove and have to
be carefully pried up without damaging any electrical components. We are using another
assembly line process to finish the units, and group members are working in the lab during their
free time.
The one other part of the design we do not have completed at the time of this report is the
logo. Akron General ideally wants an “EMlighten” logo on each unit as well as an Akron
General/Cleveland Clinic logo. Additionally we want to have a symbol to show staff members
where to wave cards to activate the RFID chip for when the units switch from motion sensor
activation to RFID activation. After researching cost and availability during the first week of
April, a trial set of logos was purchased on April 11th, 2016 from VistaPrint. The logos stick well
and do not peel off easily. But before ordering more we need client approval which we are
currently working on getting.
When all of the units have been completed and delivered to Akron General, we are going
to provide them with all of our software codes and information regarding the project. The codes
will be at their disposal to manipulate and change the timing of the units as they see fit after
usability tests in the hospital environment. All additional information provided, we expect to be
used after the proof-of-concept study. Installing the units for the first time and seeing how they
work will most likely reveal improvements which could be made to the system. If the system
looks promising, we expect Akron General to come back to UA next year to partner with another
senior design group and make second generation improvements. Examples of these
improvements are data transmission over WiFi, further reducing system power consumption, and
combining components to reduce space. By giving Akron General all of our information we hope
to accelerate their work with future senior design groups.
Reflection
This senior design project was geared toward learning the design process, interacting
with a client, practicing time management skills, working together as a team, and being
challenged technically. I believe the EMlighten project has taught me all of these things as well
as many more. We made a huge mistake in how we approached the design process in a trial and
error manner, allowing the client to dictate the timeline and not following the traditional design
process. We have all learned firsthand why this is a mistake, and now we are in the process of
trying to rectify the error. The backtracking is not pleasant, but it is what has to happen in the
real world when mistakes occur. Akron General has been very understanding of the battery
problem, but we are still experiencing dealing with an unhappy customer and trying to mend and
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maintain that relationship. Technically, we picked an electrically heavy project and only have
one group member in the biomedical engineering instrumentation track. So the rest of the group
has learned a significant amount of technical information and skills. Overall if we were to do the
project again, things would definitely be done differently to avoid our mistakes and the issues we
are now facing. But the complications are what have forced us to learn and adapt so they have
still been beneficial.
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Appendix A: Brainstorming Tables
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Appendix B: Drawings and Photos
Physical Unit
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SolidWorks Drawings: Body and Lid

Physical Unit Inner Layout

Page | 13

EMlighten
Emily Mulvany
Biomedical Engineering
Honors Research Project Report

Appendix C: Power Calculations
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Appendix D: Customer Requirements

Appendix E: Gantt Chart
To see the whole Gantt Chart we have to scroll through multiple screens in the
GanttProject software. Every task is posted below in three screenshots as if we were scrolling
through the Gantt Chart vertically. Color coordination corresponds to the people completing the
listed task. The first section of lines is a legend: Nicole – purple, Emily – green, Lexie – red,
Angel – yellow, Mike – dark blue, Everyone – bright light blue, More than one person but not
the whole group – dull light blue. We did our best here to include all quantifiable tasks and
responsibilities with their respective timelines.
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